Viable Saccharomyces cerevisiae suspended in medium containing growth-inhibiting concentrations of ethanol produce a metabolite that relieves growth inhibition. This autoconditioning of the medium by yeasts is due to the formation of small amounts (0.01%, vol/vol) of acetaldehyde. The effect is duplicated precisely in fresh medium by the addition of acetaldehyde. Acetaldehyde does not increase the yield of or accelerate ethanol production by the organism. Ethanol-induced modifications of membrane order in the plasma membranes, as measured by steady-state fluorescence anisotropy of exogenously added acetaldehyde.
1,6-diphenyl-1,3,5-hexatriene, were not resolved by Ethanol yields in industrial fermentations are limited by the sensitivity of the organism to its product. Many attempts have been made to find a connection between a specific target site and the effect of ethanol, but no direct correlation has been found. Both exogenously added and endogenously produced ethanol limit culture growth in the laboratory (10, 12) . Many studies have sought to alter sensitivity to ethanol by manipulating membrane composition (5, 11, 14) . Also, mutant isolation attempts have indicated that there are many other factors in the cell responsive to ethanol (2, 3) . A single effect on one specific target site, such as the plasma membrane, is therefore unlikely.
We have found that under some culture conditions, viable Saccharomyces cerevisiae cells suspended in medium containing inhibitory concentrations of ethanol are able to autocondition the medium so that growth inhibition is relieved (15) . This lag-reducing effect reaches a limit beyond which there is no further lag reduction. Researchers of many other eucaryotic systems have reported similar celldependent effects. None of these previous studies dealt with an ethanolic system, however.
A measure of the physical state of the plasma membrane that has been widely used is fluorescence anisotropy of the lipophilic probe 1,6-diphenyl-1,3,5-hexatriene (DPH). Mobility of such probe in the plasma membrane is a function of the membrane. Since our intent was to use the probe as a diagnostic of the effect of conditioning on membrane preparations, we have chosen to report our data simply as steady-state anisotropy rs values. Previously we have reported ethanol-induced modifications of yeast membrane order (15) .
In this paper we report the identity of the factor responsible for the autoconditioning which we observed in medium containing ethanol. Medium autoconditioning. Media were autoconditioned by growth of yeasts to a specified cell density followed by immediate membrane filtration on a 0.2-,um-pore-size membrane filter. Medium filtrates were kept at 4°C until used in the bioassay or for gas chromatographic analysis. The bioassay consisted of comparing the lag and growth of S. cerevisiae in fresh and autoconditioned media.
MATERIALS AND METHODS
Solvent quantitation. Ethanol concentrations were measured by gas chromatography on a Chromosorb 101-packed column (110°C) with a flame ionization detector (200°C) in a Hewlett-Packard model 5890A gas chromatograph. The injector port temperature was at 200°C, and the helium carrier gas flow rate was 40 ml min-'. A known quantity of isopropanol was added to all samples before performing chromatography. The ethanol peak amount was standardized with the isopropanol peak. Acetaldehyde was quantitated by the same conditions.
Fluorescence analyses. To assess the physical effect of ethanol and acetaldehyde on the plasma membrane, we used the steady-state fluorescence anisotropy (ru) of the lipophilic probe DPH as explained previously (15 
RESULTS AND DISCUSSION
A number of compounds were tested empirically to determine whether they could relieve the prolonged growth lag in ethanol-containing cultures. Dialysis of the autoconditioned media indicated that the conditioning agent has a molecular weight of less than 1,000. Various dicarboxylic acids, pyruvate, bicarbonate, acetate, acetyl coenzyme A, pantothenate, and adenine were without effect. In an attempt to concentrate the factor, autoconditioned media were lyophilized. The dried product was reconstituted with water, and ethanol was added to the same concentration as before lyophilization. All evidence of medium conditioning was lost (data not shown). This result, along with the loss of the autoconditioning agent upon heating (15) , prompted us to explore volatile compounds.
Since acetaldehyde is closely related to ethanol metabolism and is very volatile, it was added to fresh medium containing ethanol, and a bioassay was performed with fresh and autoconditioned media as well. Results ( Fig. 1 and 2) showed that both autoconditioning and the presence of exogenously added acetaldehyde reduced the ethanolinduced growth lag. Within the range of concentrations used, acetaldehyde reduced the lag to the same extent as autoconditioning. Furthermore Ethanol concentrations in media were not altered during conditioning or by exogenously added acetaldehyde (±0.1%, vol/vol). The tapering off of growth stimulation in medium conditioned to 320 Klett units is most likely due to depletion of glucose or other nutrients by the growth of conditioning cells.
The levels of acetaldehyde in autoconditioned medium were then measured by gas chromatography. They were the same as those which were effective when added exogenously to fresh medium (0.01%, vol/vol) ( Table 1 ). The small amount of acetaldehyde present in unconditioned medium was insufficient to reduce growth lag caused by ethanol (data not shown). We believe that these results demonstrate that acetaldehyde is the volatile compound present in medium containing ethanol after any extent of culture growth that causes a reduction in ethanol-induced lag.
Some growth regulatory effects have been seen previously with acetaldehyde and other volatile metabolites in various fungi (8) . Acetaldehyde stimulated spore formation and affected morphogenesis in Pestalotia rhododendri (9) . Acetaldehyde has also been implicated in interactions between (7) . Additionally, the cellular acetaldehyde concentration is believed to be regulated by both pyruvate decarboxylase and alcohol dehydrogenase (13) . It was then important to determine whether exogenously added acetaldehyde would increase ethanol production during fermentation of glucose. When cells were allowed to ferment 4% (wt/vol) glucose in rich medium, ethanol production was not affected by the presence of acetaldehyde (0.01%, vol/vol) (data not shown). This supports a general regulatory role for acetaldehyde in the yeast cell, perhaps as a signal of cell stresses such as ethanol inhibition.
Acetaldehyde reduced the growth lag associated with ethanol inhibition in laboratory culture. This compound did not, however, affect probe mobility in the plasma membrane. We conclude that this effect is a metabolic one and may be related to other data showing metabolic roles outside the tricarboxylic acid cycle for acetaldehyde and other volatile metabolites.
